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OPTICAL METHOD AND SYSTEM FOR on a structure , or at least within an illuminated spot ) , e . g . 
MEASURING ISOLATED FEATURES OF A single line , trench , hole or via , or a specific alignment mark . 

STRUCTURE Such a structure can have extremely small dimensions . 
In this connection , it should be understood that for the 

TECHNOLOGICAL FIELD 5 purpose of the present application , a feature to be measured 
is such an isolated feature that has a sub - wavelength dimen 
sion with respect to a wavelength range used in optical This invention is generally in the field of optical measur measurements . 

ing / inspecting techniques , and relates to a measurement Leading optical metrology solutions available today , such 
method and system for characterizing isolated features of a as spectral reflectometry and spectral ellipsometry , employ 
structure , such as a semiconductor wafer . a measurement spot of a few tens of microns in diameter . As 

stated , these measurement spots cover many identical ele 
BACKGROUND ments ( pattern features / devices ) , leading to strong reflected 

signals , and moreover , the measured region is entirely ( or at 
As semiconductor technology progresses , shrinking , least to a decisive degree ) contained inside a test site , so that 

device dimensions has become an increasingly complex 15 the measured reflectivity carries information on the mea 
task . Complementing metrology tools , allowing similar sured target , with no ( or very minor ) effect of the surround 

ing neighborhood . improvements in measurement capabilities , are critical for Applying optical metrology to nanometer - scale isolated the continual process of this development . Commonly , opti structures poses two main challenges associated with the 
cal metrology is applied to test structures comprised of a 20 signal strength and effect of background . More specifically , 
repeating array of identical elements . Optical metrology can with regard to the signal strength , it should be understood 
acquire highly accurate and precise information on the that reflected signal from a nanometric isolated feature is 
geometry and material properties characterizing these struc - significantly weaker than that from a periodic array . As for 
tures . the effect of background , in optical measurement of an 

In many cases , the test structure configuration ( array ) is an 25 isolated feature , contrary to that of large periodic arrays , the 
exact replica of an integrated device , and the device char - majority of the illumination spot will cover regions sur 
acteristics can be directly inferred from the metrology rounding the feature to be measured ( target feature ) . Reflec 
information obtained on the test structure . When the device tions from the adjacent regions will add up into the mea 
itself is comprised of repeating structures , e . g . as common surement , and potentially overwhelm the weak reflection 
for memory applications , metrology can be applied directly 30 from the feature of interest . 
to the device region itself . However , it is often the case that The present invention provides a novel metrology tech 
the device is not comprised of an array structure ( e . g . in nique that allows extremely efficient focusing of an illumi 
logic applications ) . In these cases , optical metrology is nation / measurement spot ( contrary to reflectometry and 
applied to a periodic structure which is supposed to repre ellipsometry ) and enables detection of strong signal from the 
sent the actual device . 35 feature being measured , as well as eliminates or at least 

U . S . Pat . No . 6 , 813 , 034 describes a technique of analyz - significantly reduces contribution arising from the optical 
ing isolated and aperiodic structures with simultaneous response of surroundings , highlighting and isolating reflec 
multiple angle of incidence measurements . This patent dis - tions from the feature of interest , thus ensuring sufficiently 
closes a method for evaluating isolated and aperiodic struc - high SNR . 
ture on a semiconductor sample , using focusing of a probe 40 The present invention provides a novel method and sys 
beam from a coherent laser source onto the structure in a tem for use in measurement of isolated features of a struc 
manner to create a spread of angles incidence . The reflected ture . According to the invention , Back Focal Plane Micros 
light is monitored with an array detector . The intensity or copy ( BFM ) measurements are applied to a structure 
polarization state of the reflected beam as a function of radial utilizing dark - field detection mode while applying pinhole 
position within the beam is measured . Each measurement 45 masking to incident light propagating through an illumina 
includes both specularly reflected light as well as light that tion channel towards the structure . Measured data ( detected 
has been scattered from the aperiodic structure into that signal ) is thereby indicative of a scattering matrix charac 
detection position . The resulting output is evaluated using an terizing scattering properties of the structure , enabling iden 
aperiodic analysis to determine the geometry of the struc tification of one or more isolated features of the structure . To 

50 this end , the scattering matrix can be analyzed using theo 
retical data ( modeled and / or calibrated ) to determine the 

GENERAL DESCRIPTION parameters ( e . g . critical dimensions , profile ) of the isolated 
feature corresponding to the best fit between the measured 

There is a need in the art for a novel approach for and theoretical data . 
inspecting structures , such as semiconductor wafers ( e . g . 55 Thus , according to one broad aspect of the invention , 
progressing on a production line ) , enabling to characterize there is provided an optical method for use in measurement 
an isolated feature , to provide an accurate representation of of isolated features of a structure , the method comprising : 
the actual integrated device . applying Back Focal Plane Microscopy ( BFM ) measure 

Indeed , as device / feature dimensions shrink and sensitiv ments to a structure and obtaining measured data 
ity to process details becomes increasingly crucial , strong 60 indicative thereof , said BFM measurements comprising 
deviations develop between the characteristics of isolated performing dark - field detection mode while applying 
features and similar features fabricated in a periodic design . pinhole masking to incident light propagating through 
Consequently , the ability to characterize an isolated feature , the illumination channel towards the structure ; and 
which provides an accurate representation of the actual processing the measured data and obtaining data charac 
device , becomes increasingly important . Considering semi - 65 terizing scattering of said incident light from an illu 
conductor devices , many features in such devices are iso minated spot on the structure , thereby enabling identi 
lated or aperiodic ( there is no periodicity of its appearance fication of an isolated feature of the structure . 

us 

ture . 
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The pinhole masking procedure includes scanning a Fou - ing polarization of light passing along the illumination and 
rier plane of the structure plane by a pinhole and succes detection channels to thereby implement the dark - field 
sively collecting light components returned from the struc - detection mode . Such a polarization modulating arrange 
ture , and generating the measured data indicative of at least ment may be configured as described above . 
amplitude of a scattering matrix , S ( kin , kout ) , characterizing 5 The system is associated with a control unit connectable 
the structure , where kin and kou are incident and returned ray to the detection unit for receiving and processing measured 
vectors respectively . The measured data , corresponding to a data indicative of the detected light . The control unit com 
detected signal from the structure is proportional to ampli prises a processor preprogrammed for processing the mea 
tude of the scattering matrix , IS ( kin , koud ) 12 . sured data and determine at least an amplitude of the 

Preferably , the pinhole masking procedure utilizing said 10 scattering matrix , S ( kyk , ) , characterizing the structure , 
scanning of the Fourier plane by the pinhole by moving said where kin and kout are incident and returned ray vectors 
pinhole with respect to an additional static pinhole located in respectively , being indicative of location of the one or more 
the Fourier plane , and generating the measured data indica isolated features of the structure . 
tive of the amplitude and a phase of the scattering matrix The pinhole mask preferably comprises the movable 
characterizing the structure . Such measured data corre - 15 pinhole and an additional fixed pinhole . In this case , the 
sponds to a sum S ( k 1 , kout ) + S ( k2 , kout ) l ' of scattering detected signals obtained during the movement of the mov 
matrices S ( k1 , kout ) and S ( k2 , kout ) corresponding to mea - able pinhole with respect to the static pinhole located in the 
surements through the static and the movable pinholes back focal plane of the objective unit is indicative of the 
respectively , k?2 being two incident ray vectors . The deter amplitude and a phase of the scattering matrix characterizing 
mined amplitude can be utilized to extract the phase between 20 the structure . The processor is thus configured for identify 
the two matrices S ( k? , kout ) and S ( k2 , kout ) . ing , in the data indicative of the detected light , a sum 

The dark - field detection mode may further include affect - IS ( k , k , ) + S ( k , k , ) 12 of scattering matrices S ( ky , k t ) 
ing / modulating polarization of light passing along the illu and S ( ky , kout ) corresponding to measurements through the 
mination and detection channels . This may be implemented static and the movable pinholes respectively , ki , being two 
by passing the incident light and collected returned light 25 incident ray vectors , and utilizing the determined amplitude 
through respectively first and second polarizers accommo - and extracting the phase between the two matrices Sík , , 
dated in the illumination and detection channels and having koud ) and S ( k2 , kout ) . 
substantially perpendicular planes of polarization . In another 
example , this can be implemented by passing the incident BRIEF DESCRIPTION OF THE DRAWINGS 
light and collected returned light through respectively first 30 
and second polarizers accommodated in the illumination and In order to better understand the subject matter that is 
detection channels and having substantially parallel planes disclosed herein and to exemplify how it may be carried out 
of polarization , and passing the incident polarized light in practice , embodiments will now be described , by way of 
propagating towards the structure through a phase retarder , non - limiting example only , with reference to the accompa 
and passing the returned light propagating from the structure 35 nying drawings , in which : 
to the second polarizer through said phase retarder . In yet FIG . 1 schematically illustrates the configuration and light 
further example , the incident light and collected returned propagation scheme in a typical Back Focal Plane Micro 
light pass through a common polarizer and a common phase scope ( BFM ) setup ; 
retarder accommodated in a spaced - apart relationship in a FIG . 2 schematically illustrates the configuration and light 
common portion of the illumination and detection channels , 40 propagation scheme in a BFM based optical system of the 
with the polarizer being located upstream of the phase invention ; and 
retarder with respect to a direction of propagation of the FIG . 3 schematically illustrates the configuration and light 
incident light to the structure along the illumination channel . propagation scheme in a system of the invention utilizing a 

According to another broad aspect of the invention , there combination of polarization - based dark - field mode and scat 
is provided a system for use in measuring features of a 45 tering matrix characterization technique . 
structure . The system comprises : a light source unit ; a light 
directing / collecting assembly comprising an objective lens DETAILED DESCRIPTION OF EMBODIMENTS 
unit and a beams splitter accommodated to define an illu 
mination channel and a detection channel for incident and The present invention provides a novel system for use in 
returned light propagation to and from a structure plane ; and 50 optical measuring / inspecting of isolated features in a struc 
a detection unit comprising a light sensitive surface located ture . The system utilizes the principles of Back Focal Plane 
in a plane conjugate to a back focal plane of the objective Microscopy ( BFM ) , which is a variation of imaging micros 
lens unit . The light directing / collecting assembly is config - copy , where image plane ( detection plane ) is located not in 
ured for dark - field detection mode reducing amount of light a plane conjugate to the object plane ( structure plane ) but 
specularly reflected from the structure in light detected by 55 rather in a plane conjugate to the back focal plane of an 
the light sensitive surface of the detection unit . The light objective lens . 
directing / collecting assembly comprises a pinhole mask In this connection , reference is made to FIG . 1 , showing 
located in the illumination channel in a back focal plane of schematically the configuration of a typical BFM set up and 
the objective lens unit , said pinhole mask comprising a a light propagation scheme therein . The BFM setup 10 
pinhole movable within said back focal plane to thereby 60 includes a light source L , a beam splitter BS , an objective 0 , 
scan the structure with light components of different angles and a position sensitive detector D . A light beam LB from 
of incidence . The detected light is therefore indicative of a the source L is directed onto a sample S under measurements 
scattering matrix characterizing scattering properties of the by the beam splitter BS and the objective lens O . Every light 
structure , enabling identification of one or more isolated component ( ray ) R of the light beam LB is incident on the 
features of the structure . 65 sample S at a certain angle and returned ( reflected and / or 

The light directing / collecting assembly preferably further scattered ) from the sample . A part of the returned rays R ' is 
comprises a polarization modulating arrangement for affect - collected by the objective 0 , passes the beam splitter BS and 
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reaches the position sensitive detector D where the rays are dated as described above , utilizes a scattering matrix char 
recorded . The light sensitive surface of the detector ( image acterization for measuring isolated features on the sample . 
plane ) is positioned such that rays returned with different The scattering matrix , S ( kin , kout ) , is a function of kin and kout 
angles reach different positions respectively on the detector . which are the incident and returned ray vectors respectively . 
In this scheme , the angular dependence of the sample 5 Generally , matrix Sis a complex function , and by measuring 
reflectance is measured . The BFM technique can utilize a its amplitude and phase the sample ' s interaction with light 
large Numerical Aperture ( NA ) objective allowing for a can be completely characterized . 
small illumination spot . The principles of scattering matrix characterization can be Reference is made to FIG . 2 illustrating schematically the used with a BFM - based system of the invention in which a configuration of a measurement system according to the 10 pinhole mask is inserted in the objective ' s back focal plane invention , and a light propagation scheme in the system . The in the incident light path , since in such system light is system 100 of the invention includes an optical system 101 incident on the sample by controlled angles and is eventually and a control unit 106 configured for communication detected in angular space . With this configuration , only a between them ( via wires or wireless signal transmission ) . 
The optical system 101 is configured generally similar to the 15 specific portion k ' in of incident light ( LB ' in FIG . 2 ) is 
typical BFM , and therefore to facilitate illustration and allowed to pass and illuminate the sample . The detected 
understanding the same reference marks are used for iden - signal obtained in such BFM - based system 100 is propor 
tifying components that are common in the BFM 10 of FIG . tional to S ( k ' in , koud ) for each respective position on the 
1 and the system 100 of the invention . detector defined by the value of kout . As described above , the 

The optical system 101 of the invention is configured as 20 pinhole 105 position on the mask can be scanned in a Fourier 
a so - called masked BFM . The system 101 includes a light plane FP ( back focal plane of the objective ) to thereby vary 
source unit L ( including light emitter ( s ) and / or light guiding the angle of incidence and thus obtain a two dimensional 
assembly ) , a detection unit D ( including a light sensitive characterization of S ( kin , kout ) with respect to its two param 
surface possibly associated with imaging optics ) , and a light eters . 
directing / collecting assembly 102 including a beam splitter 25 The use of a single - pinhole mask ( with movable pinhole ) 
BS and an objective lens unit O ( one or more lenses ) . In the allows direct measurement of the scattering matrix ampli 
system 100 of the invention , the light directing / collecting tude , but it does not provide enough information on the 
assembly 102 additionally includes a pinhole mask 104 , matrix ' phase . In order to allow direct determination of the 
which may be a single - pinhole or double - pinhole mask , as phase of the scattering matrix , a pinhole mask with two 
will be described further below . The optical system 101 30 holes ( pinholes ) may be used being located in the back focal 
defines an illumination channel IC and a detection channel plane of the objective . Although this is not specifically 
DC . The pinhole mask 104 is located in the illumination illustrated , it should be understood that in this configuration , 
channel IC , being positioned in the back focal plane of the one of the holes is static ( at a fixed location ) and the other 
objective lens unit O . is movable ( scanned ) in the Fourier plane ( the objective ' s 

As shown , an illuminating light beam LB propagates 35 back focal plane ) . The signal on the detector is proportional 
along the illumination channel IC and is directed to the beam to the sum of the scattering matrices S ( k? , kout ) + S ( k2 , 
splitter BS through the pinhole mask 104 , being configured koud ) ? , where k1 , 2 are the two incident ray vectors propa 
as a single - pinhole 105 mask in the present not limiting gated through the static and movable pinholes . As the 
example , which effects partial masking and thus allows only amplitudes of the scattering matrix were already obtained 
a small portion LB ' ( selected angular component ) of the light 40 with the previous technique , this measurement allows to 
beam LB to reach the beam splitter BS , which directs extract the phase between the two components S ( k? , kout ) 
( reflects in this specific not limiting example ) this portion and S ( ky , k t ) . 
LB ' to the objective lens unit 0 that focuses this light LB ' Thus , the control unit 106 ( processor ) receives data 
onto an illumination spot on a sample S . Light beam LB " indicative of the detected signals during the scan of the 
returned ( reflected and / or scattered ) from the illuminated 45 position of the second pinhole , the processor 106C is pre 
spot propagates along the detection channel DC and is programmed for processing and analyzing this data and 
collected by the objective lens unit 0 and then directed determining the phase difference between the detected sig 
( transmitted ) by the beam splitter BS towards the light nals obtained with the first and second pinholes , and gen 
sensitive surface of the detection unit D . The system 100 e rates output data indicative of the complete characterization 
operates to move / scan the pinhole 105 position on the mask , 50 of the scattering matrix . Then , the processor may operate to 
i . e . in the back focal plane of the objective being a Fourier utilize theoretical data ( modeled and / or calibrated ) data to 
plane FP , to thereby vary the angle of incidence . Thus , for compare the measured data with the theoretical data and 
each angular component of the incident light multiple angles determine the parameters ( e . g . critical dimensions , profile ) 
of propagation of the returned light are directed to the of the isolated feature corresponding to the best fit between 
position sensitive detector . 55 the measured and theoretical data . 

The output of the detection unit D is connectable ( via Generally , alternatively or additionally , the phase of the 
wires or wireless signal transmission ) to the control unit 106 . scattering matrix can be obtained by scanning the sample ' s 
The control unit 106 includes a computer system comprising position along the optical axis around the focal plane , i . e . a 
inter alia such functional utilities as data input and output so - called “ focus scan ” technique . An unmasked BFM 
utilities 106A , memory 106B , data processor 106C , and 60 scheme relates each detector position to the entire space of 
possibly also a display 106D . The control unit 106 may also incident vectors such that the obtained signal is proportional 
include a controller 106E for controlling illumination to Ek . S ( kinkoud ) 12 . In the case where the sample is not 
parameters / conditions and / or light propagation parameters / positioned in the focal point ( z = 0 ) , the signal on the detector 
conditions , for example for controlling polarization condi - is changed to Ex . S ( kin , kol ? exp ( i ( kin - koyd ) ? z ) 12 . A scan of 
tions , as will be described further below . 65 the z position ( along the optical axis , or illumination channel 

According to the invention , the above - described system axis ) provides a complete characterization of the scattering 
100 using a pinhole mask 104 configured and accommo phases . 
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In order to effectively identify / measure isolated features optics O onto the beam splitter BS and directed ( transmitted ) 
dark field mode can be used , e . g . based on polarization thereby to the polarizer 108B . This light LB ' includes light 
effect , in addition to the pinhole mask ( single - or preferably components specularly reflected from surfaces ( within the 
double - pinhole mask ) . The dark - field technique is based on illuminated spot ) and thus having substantially the same 
the fact that light specularly reflected from a structure 5 polarization as light LB no and also light components scat 
maintains its original polarization ( i . e . that of the incident tered from the sample surfaces in the illuminated spot ) , 
light ) . As a result , it is possible to differentiate between light such as the light components returned from the isolated 
components specularly reflected from the wafer top surface feature , which light components have polarization different 
( which serves as unwanted background ) , and light compo - from that of light LB . This returned light LB ' interacts 
nents returned ( scattered ) from the target feature ( e . g . 10 with the polarizer 108B , and output polarized light LB " pol 
groove ) . In general , isolated features ( and specifically sub - propagates to the detection unit D . In light LB " po ; emerging 
wavelength scatterers ) are expected to cause significant from the polarizer 108B , reflected contribution from sur 
polarization rotation , leading to strong contribution to the faces within the illuminated spot being perpendicular to the 
collected signal . incident light direction is ideally completely suppressed . 

The examples of implementation of dark - field measure - 15 However , scattered light components which are mainly 
ments relying on the polarization effect useful for the associated with the isolated feature on the structure , can 
technique of the present invention are disclosed in Wo undergo significant polarization change , allowing at least 
13 / 011508 and WO 12 / 098550 , both being assigned to the part thereof to be collected by the detector D . 
assignee of the present application and being incorporated It should be noted , although not specifically illustrated , 
herein by reference . According to some techniques 20 that the above - described crossed - polarizer dark field setup 
described in these patent applications , the measurements may be replaced by a different configuration of the polar 
utilize cross - polarizers in illumination and detection chan - ization modulating arrangement . For example , it may utilize 
nels , or a common phase - retarder in the illumination and first and second polarizers have substantially parallel planes 
detection channels . According to some other techniques of of preferred polarization and located in respectively illumi 
these patent applications , partial masking ( blocking ) of both 25 nation and detection channels , and a phase retarder 17 . The 
the illumination and detection channels are used ( e . g . , a latter is located in the common ( overlapping ) part of the 
masking element in the common / overlapping part of the channels ( e . g . between the objective and beam splitter ) and 
illumination and detection channels , or complementary applies 45° polarization rotation to light passing there 
masks in the illumination and collection paths ) , such as to through . According to yet another possible configuration of 
effectively prevent any ray specularly reflected from the top 30 the polarization modulation arrangement , it may include a 
surface of a structure under measurements to be collected by single polarizer and a phase retarder , both located in the 
a detector . overlapping part of the illumination and detection channels , 

The present invention utilizes the principles of the polar - the polarizer being located between the beam splitter BS and 
ization - based dark - filed technique in a BFM - based system the phase retarder . 
using a pinhole mask . In this connection , reference is made 35 The system of the present invention may utilize any of the 
to FIG . 3 schematically illustrating a measurement system above described polarization - based The dark - field tech 
200 of the invention , which is configured generally similar niques in combination with the scattering matrix retrieval 
to the above - described BFM - based system 100 , in which the techniques described above , e . g . based on BFM with pinhole 
light directing / collecting assembly 102 additionally includes masking , to obtain information on the isolated feature , and 
a polarization modulating arrangement 108 . More specifi - 40 allow for sub - wavelength dimensional analysis . It should be 
cally , the system 200 includes a light source unit L ( which noted that the system of the invention may utilize a standard 
may be constituted by a light emitting arrangement or by a bright - field BFM setup , modified to implement polarization 
light guiding unit associated with an external light emitter ) , based dark - field and pinhole masking . Also , the invention 
a detection unit D , and a light directing assembly 102 . The may utilize sequential implementation of the dark - field and 
light directing assembly 102 includes a beam splitter BS and 45 pinhole - masking measurements by any two or more of the 
focusing optics ( objective ) O accommodated in a common above - described techniques , in order to obtain several sets of 
part of the illumination and detection channels IC and DC , independent information . 
and a polarization modulation arrangement 108 . The latter is Measured data indicative of the output of the detection 
configured to provide mutually perpendicular polarizations unit is processed as described above to provide sample 
for the incident and returned light beams forming a so - called 50 characterization data . In order to deduce information regard 
cross - polarized reflectometer . The polarization modulating ing the physical dimensions of the feature being measured , 
arrangement 108 includes polarizers 108A and 108B having a comparison can be made between the measured BFM data 
fixed or controllably tunable planes of polarizations to and corresponding theoretical ( modeled / calibrated ) BFM 
provide a condition that they are substantially perpendicular data for features with similar geometry but varying dimen 
to one another . If the tunable polarizer ( s ) is / are used , the 55 sional and / or material properties parameters of the model . 
control unit is equipped with an appropriate polarization The profile of the measured feature can be thereafter 
controller ( shown in the figure as a " light propagation deduced using , for example , a comparison to a large set of 
controller ” ) . calculated BFM images , each of which refers to features of 

Thus , light beam LB coming from the light source unit L different dimensional properties . Feature dimensions can be 
propagates along the illumination channel IC , is polarized 60 extracted by identifying the best - fit calculated image . Alter 
by the incident - path polarizer 108A , and resulting polarized natively , it is possible to interpolate between calculated 
light LBpo ; is incident onto a pinhole mask 104 ( having a BFM images , in order to accurately deduce the dimensional 
single - or double - pinhole configuration ) , which allows parameters which would yield a best - fit to the measurement . 
propagation of a portion thereof LBp ; towards the sample Thus , the present invention provides a novel simple 
through the beam splitter BS and objective 0 . Light LB ' 65 technique enabling effective detection / identification of iso 
returned from the illuminated region on the sample S lated features , thereby enabling determination of the feature 
propagates along the detection channel DC being focused by parameters . 
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The invention claimed is : structure , wherein said applying of the pinhole masking 
1 . An optical method for use in measurement of isolated comprising scanning a Fourier plane of the structure 

features of a structure , the method comprising : plane by moving a pinhole defined in a pinhole mask 
performing Back Focal Plane Microscopy ( BFM ) mea with respect to an additional static pinhole located in 

surements to the structure and obtaining measured data 5 the Fourier plane and successively collecting light 
indicative of scattering properties of the structure with components returned from the structure , and generating 
respect to incident light , wherein said BFM measure the measured data being indicative of amplitude and 
ments are performed using dark - field detection mode , phase of a scattering matrix , S ( kin , kout ) , characterizing 
while applying pinhole masking to incident light propa the structure , where kin and kou are incident and 
gating through the illumination channel towards the 10 returned ray vectors respectively , wherein said mea 
structure , wherein said dark - filed detection mode com sured data corresponds to a sum | S ( ky , kout ) + S ( k , 2 , kout ) 
prises affecting polarization of light passing along the 12 of scattering matrices S ( k? , kout ) and S ( k2 , Kout ) cor 
illumination and detection channels by passing the responding to measurements through the static and the 
incident light and collected returned light through movable pinholes respectively , k1 . 2 being two incident 
respectively first and second polarizers accommodated 15 ray vectors ; and 
in the illumination and detection channels and having processing the measured data using a data processor , said 
substantially parallel planes of polarization , and pass processing comprising utilizing the determined ampli 
ing the incident polarized light propagating towards the tude S ( k ' in , koud ) 12 of the scattering matrix as being 
structure through a phase retarder , and passing the proportional to the detected light and extracting the 
returned light propagating from the structure to the 20 phase between the two matrices S ( k? , kout ) and S ( k2 , 
second polarizer through said phase retarder , such that kw ) , and in accordance with the extracted phase , 
the measured data corresponding to detected signals identifying an isolated feature of the structure . 
from the structure is indicative of a scattering matrix 7 . The method according to claim 6 , wherein said apply 
characterizing scattering properties of the structure ing of the dark - field detection mode comprises affecting 
with respect to the incident light ; and 25 polarization of light passing along the illumination and 

processing the measured data using a data processor , said detection channels . 
processing comprising applying a fitting procedure 8 . The method according to claim 7 , wherein said affect 
between the measured and theoretical modeled data , ing of the polarization of light passing along the illumination 
and identifying an isolated feature of the structure from and detection channels comprises passing the incident light 
a best fit condition between the measured and theoreti - 30 and collected returned light through respectively first and 
cal data . second polarizers accommodated in the illumination and 

2 . The method according to claim 1 , wherein said apply - detection channels and having substantially perpendicular 
ing of the pinhole masking to the incident light propagating planes of polarization . 
through the illumination channel comprising scanning a 9 . The method according to claim 7 , wherein said affect 
Fourier plane of the structure plane by a pinhole and 35 ing of the polarization of light passing along the illumination 
successively collecting light components returned from the and detection channels comprises passing the incident light 
structure , and generating the measured data being indicative and collected returned light through respectively first and 
of at least amplitude of a scattering matrix , S { k ; „ , ko ) , second polarizers accommodated in the illumination and 
characterizing the structure , where kin and kout are incident detection channels and having substantially parallel planes 
and returned ray vectors respectively . 40 of polarization , and passing the incident polarized light 

3 . The method according to claim 2 , wherein the mea - propagating towards the structure through a phase retarder , 
sured data , corresponding to a detected signal from the and passing the returned light propagating from the structure 
structure , is proportional to amplitude of the scattering to the second polarizer through said phase retarder . 
matrix , IS ( k ' in , kout ) . 10 . The method according to claim 7 , wherein said 

4 . The method according to claim 3 , wherein said scan - 45 affecting of the polarization of light passing along the 
ning of the Fourier plane by the pinhole comprises moving illumination and detection channels comprises passing the 
said pinhole with respect to an additional static pinhole incident light and collected returned light through a common 
located in the Fourier plane , and generating the measured polarizer and a common phase retarder accommodated in a 
data being indicative of the amplitude and a phase of the spaced - apart relationship in a common portion of the illu 
scattering matrix characterizing the structure . 50 mination and detection channels , with the polarizer being 

5 . The method according to claim 4 , wherein said mea - located upstream of the phase retarder with respect to a 
sured data corresponds to a sum | S ( k? , kout ) + S ( K2 , kout ) l2 of direction of propagation of the incident light to the structure 
scattering matrices S ( kk ) and S ( k , , k ) and correspond along the illumination channel . 
ing to measurements through the static and the movable 11 . An optical method for use in measurement of isolated 
pinholes respectively , k1 . 2 being two incident ray vectors , 55 features of a structure , the method comprising : 
the processing of the measured data comprising utilizing the performing Back Focal Plane Microscopy ( BFM ) mea 
determined amplitude and extracting the phase between the surements on the structure and obtaining measured data 
two matrices S ( k? , kout ) and S ( k2 , kout ) . indicative of scattering properties of the structure with 

6 . An optical method for use in measurement of isolated respect to incident light , wherein said BFM measure 
features of a structure , the method comprising : ments are performed using dark - field detection mode , 

performing Back Focal Plane Microscopy ( BFM ) mea while applying pinhole masking to incident light propa 
surements on the structure and obtaining measured data gating through the illumination channel towards the 
indicative of scattering properties of the structure with structure , wherein said dark - filed detection mode com 
respect to incident light , wherein said BFM measure prises affecting polarization of light passing along the 
ments are performed using dark - field detection mode , 65 illumination and detection channels by passing the 
while applying pinhole masking to incident light propa incident light and collected returned light through a 
gating through an illumination channel towards the common polarizer and a common phase retarder 
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accommodated in a spaced - apart relationship in a com a pinhole mask located in the illumination channel in a 
mon portion of the illumination and detection channels , back focal plane of the objective lens unit , said 
with the polarizer being located upstream of the phase pinhole mask comprising a pinhole movable within 
retarder with respect to a direction of propagation of the said back focal plane to thereby scan the structure 
incident light to the structure along the illumination 5 with light components of different angles of inci 
channel ; and dence , the detected light being therefore indicative of 

processing the measured data using a data processor , said a scattering matrix characterizing scattering proper 
processing comprising applying a fitting procedure ties of the structure , enabling identification of one or 

more isolated features of the structure . between the measured and theoretical modeled data , 10 and identifying an isolated feature of the structure from 17 . The system according to claim 10 16 , comprising a 
control unit connectable to the detection unit for receiving a best fit condition between the measured and theoreti measured data indicative of the detected light , the control cal data . unit comprising a processor preprogrammed for processing 12 . The method according to claim 11 , wherein said the measured data and determine at least amplitude of the applying of the pinhole masking to the incident light propa incident light propa - 15 scattering matrix , S ( kin , kout ) , characterizing the structure , gating through the illumination channel comprising scan where kin and kout are incident and returned ray vectors ning a Fourier plane of the structure plane by a pinhole and respectively , being indicative of location of the one or more 

successively collecting light components returned from the isolated features of the structure . 
structure , and generating the measured data being indicative 18 . The system according to claim 17 , wherein the pro 
of at least amplitude of a scattering matrix , S ( kin , kout ) , 20 cessor is configured for determining the amplitude of the 
characterizing the structure , where kin and kout are incident scattering matrix , IS ( k ' in Koudi ? as being proportional to the 
and returned ray vectors respectively . detected light . 

13 . The method according to claim 12 , wherein the 19 . The system according to claim 18 , wherein said 
measured data , corresponding to a detected signal from the pinhole mask comprises said movable pinhole and an addi 
structure , is proportional to amplitude of the scattering 25 tional fixed pinhole , the detected signals obtained during the 
matrix , IS ( kink ) 12 . movement of said movable pinhole with respect to the static 

14 . The method according to claim 13 , wherein said pinhole located in the back focal plane of the objective unit 
scanning of the Fourier plane by the pinhole comprises being indicative of the amplitude and a phase of the scat 
moving said pinhole with respect to an additional static tering matrix characterizing the structure . 
pinhole located in the Fourier plane , and generating the 30 20 . The system according to claim 19 , wherein said 
measured data being indicative of the amplitude and a phase processor is configured for identifying , in the data indicative 
of the scattering matrix characterizing the structure . of the detected light , a sum | S ( k? , kout ) + S ( k? , kout ) l2 of scat 

15 . The method according to claim 14 , wherein said tering matrices Síky , kot ) and S ( k , , kot ) corresponding to 
measured data corresponds to a sum | S ( k? , kout ) + S ( k2 , kout ) 12 measurements through the static and the movable pinholes 
of scattering matrices S ( k , kot ) and S ( k , kut ) corresponding 35 respectively , k . , being two incident ray vectors , and utiliz 
to measurements through the static and the movable pin - ing the determined amplitude and extracting the phase 
holes respectively , k1 , 2 being two incident ray vectors , the between the two matrices S ( k? , kout ) and S ( k2 , kout ) . 
processing of the measured data comprising utilizing the 21 . A system for use in measuring features of a structure , 
determined amplitude and extracting the phase between the the system comprising : a light source unit ; a light directing 
two matrices S ( k? , kout ) and S ( kz , kout ) . 40 collecting assembly comprising an objective lens unit and a 

16 . A system for use in measuring features of a structure , beams splitter accommodated to define an illumination 
the system comprising : a light source unit ; a light directing channel and a detection channel for incident and returned 
collecting assembly comprising an objective lens unit and a light propagation to and from a structure plane ; a detection 
beams splitter accommodated to define an illumination unit comprising a light sensitive surface located in a plane 
channel and a detection channel for incident and returned 45 conjugate to a back focal plane of the objective lens unit ; and 
light propagation to and from a structure plane ; and a a control unit connectable to the detection unit for receiving 
detection unit comprising a light sensitive surface located in measured data indicative of the detected light ; wherein 
a plane conjugate to a back focal plane of the objective lens the light directing / collecting assembly is configured for 
unit ; wherein dark - field detection mode reducing amount of light 

the light directing / collecting assembly is configured for 50 specularly reflected from the structure in light detected 
dark - field detection mode reducing amount of light by the light sensitive surface of the detection unit , the 
specularly reflected from the structure in light detected light directing collecting assembly comprising a pin 
by the light sensitive surface of the detection unit , the hole mask located in the illumination channel in a back 
light directing collecting assembly comprising : focal plane of the objective lens unit , said pinhole mask 
a polarization modulating arrangement for affecting 55 comprising a movable pinhole and an additional fixed 

polarization of light passing along the illumination pinhole within said back focal plane to thereby scan the 
and detection channels to thereby implement the structure with light components of different angles of 
dark - field detection mode , said polarization modu incidence , the detected light signals obtained during the 
lating arrangement comprises first and second polar movement of said movable pinhole with respect to the 
izers accommodated in the illumination and detec - 60 static pinhole being indicative of amplitude and phase 
tion channels and having substantially parallel of scattering matrix characterizing scattering properties 
planes of polarization , and a phase retarder accom of the structure ; 
modated in the illumination and detection channels the control unit comprises a processor preprogrammed to 
so as to be in an optical path of the incident polarized process the measured data and determine the amplitude 
light propagating towards the structure plane and in 65 and phase of the scattering matrix , S ( kin , kout ) , where kin 
an optical path of the returned light propagating from and kou are incident and returned ray vectors respec 
the structure plane to the second polarizer , and tively , being indicative of location of the one or more 
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isolated features of the structure , the amplitude of the detection mode , said polarization modulating arrange 
scattering matrix S ( k ' ; „ k . . . ) 12 being determined as ment comprising a common polarizer and a common 
being proportional to the detected light , said processor phase retarder accommodated in a spaced - apart rela 
being configured to identify , in the data indicative of tionship in a common portion of the illumination and 
the detected light , a sum S ( k? , kout ) + S ( k? , kout ) l2 of 5 detection channels , with the polarizer being located 
scattering matrices S ( k? , kout ) S ( k? , kout ) and S ( k2 , kout ) S upstream of the phase retarder with respect to a direc 
( k2 , kout ) corresponding to measurements through the tion of propagation of the incident light to the structure static and the movable pinholes respectively , k1 , 2 being plane along the illumination channel , and two incident ray vectors , and utilize the determined a pinhole mask located in the illumination channel in a amplitude to extract the phase between the two matri - 10 back focal plane of the objective lens unit , said pinhole ces Síky , kout ) and S ( k2 , kout ) , and identify an isolated mask comprising a pinhole movable within said back feature of the structure . 

22 . The system according to claim 21 , wherein the light focal plane to thereby scan the structure with light 
directing / collecting assembly comprises a polarization components of different angles of incidence , the 
modulating arrangement for affecting polarization of light 15 detected light being therefore indicative of a scattering 
passing along the illumination and detection channels to matrix characterizing scattering properties of the struc 
thereby implement the dark - field detection mode . ture , enabling identification of one or more isolated 
23 . The system according to claim 22 , wherein said features of the structure . 

polarization modulating arrangement comprises first and 26 . The system according to claim 25 , comprising a 
second polarizers accommodated in the illumination and 20 20 control unit connectable to the detection unit for receiving 
detection channels and having substantially perpendicular measured data indicative of the detected light , the control 
planes of polarization . unit comprising a processor preprogrammed for processing 

24 . The system according to claim 22 , wherein said the measured data and determine at least amplitude of the 
polarization modulating arrangement comprises first and scattering matrix , S ( kin , kout ) , characterizing the structure , 
second polarizers accommodated in the illumination and 25 where kin and kou are incident and returned ray vectors 
detection channels and having substantially parallel planes respectively , being indicative of location of the one or more 

isolated features of the structure . of polarization , and a phase retarder accommodated in the 
illumination and detection channels so as to be in an optical 27 . The system according to claim 26 , wherein the pro 
path of the incident polarized light propagating towards the cessor is configured for determining the amplitude of the 
structure plane and in an optical path of the returned light 30 oht 30 scattering matrix , IS ( k ' in , kout ) l2 as being proportional to the 
propagating from the structure plane to the second polarizer . detected light . 

25 . A system for use in measuring features of a structure , 28 . The system according to claim 27 , wherein said 
the system comprising : a light source unit ; a light directing pinhole mask comprises said movable pinhole and an addi 

collecting assembly comprising an objective lens unit and a tional fixed pinhole , the detected signals obtained during the 
beams splitter accommodated to define an illumination 35 " 5 movement of said movable pinhole with respect to the static 

pinhole located in the back focal plane of the objective unit channel and a detection channel for incident and returned 
light propagation to and from a structure plane ; and a being indicative of the amplitude and a phase of the scat 
detection unit comprising a light sensitive surface located in tering matrix characterizing the structure . 
a plane conjugate to a back focal plane of the objective lens 29 . The system according to claim 28 , wherein said 
unit : wherein the light directing / collecting assembly is con - 40 processor is configured for identifying , in the data indicative 
figured for dark - field detection mode reducing amount of of the detected light , a sum | S ( k? , kout ) + S ( k? , kout ) / 2 of scat 
light specularly reflected from the structure in light detected tering matrices S ( k? , kout ) and S ( k2 , kout ) corresponding to 
by the light sensitive surface of the detection unit , the light measurements through the static and the movable pinholes 
directing / collecting assembly comprising : respectively , k? , 2 being two incident ray vectors , and utiliz 

a polarization modulating arrangement for affecting polar - 45 1 ing the determined amplitude and extracting the phase 
ization of light passing along the illumination and between the two matrices S ( k? , kout ) and S ( k2 , kout ) . 
detection channels to thereby implement the dark - field * * * * 


